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An electronic apparatus is provided. The electronic appara 
tus includes: a battery; at least one pressure sensor provided 
on a surface of the battery; and a controller electrically 
connected with the at least one pressure sensor. The at least 
one pressure sensor samples a pressure parameter on the 
surface of the battery. The controller acquires the pressure 
parameter, detects a magnitude relation between the pressure 
parameter and a predefined threshold value, and generates a 
control instruction for protecting the battery based on the 
detected magnitude relation. 

5 Claims, 8 Drawing Sheets 

  



US 9,660,301 B2 
Page 2 

(51) Int. Cl. JP 2003-234055 8, 2003 
HIM ID/242 2006.O1 JP 2008-535457 8, 2008 
G05B 9/02 3. 3. JP 2008-234840 10, 2008 

(2006.01) JP 2010541043 12/2010 
GOIR 3L/18 (2006.01) JP 2011-009042 1, 2011 

JP 2011-009042 A 1, 2011 
(56) References Cited JP 2011-142003 T/2011 

JP 2012O64O14 3, 2012 
U.S. PATENT DOCUMENTS JP 2013-175149 9, 2013 

KR 10-2006-01-10771 10, 2006 
KR 102007OO75927 7/2007 

7,479,894 B2 1/2009 Song KR 10-2009-0120268 11/2009 
2006/0250262 A1 1 1/2006 Song KR 100964.175 6, 2010 
2007/00541.57 A1 3/2007 Ryu et al. KR 102O120O23896 3, 2012 
2007/0078366 A1* 4/2007 Haggstrom ......... A61F 13,0203 RU 93012714 5, 1995 

6O2/53 
2010, 0026509 A1 2/2010 Boehm et al. So WO 2015. 3. 
2010, 0026609 A1 2/2010 Otsuki et al. 
2010, 1026609 2/2010 Otsuki et al. 
2011/0202914 A1 8, 2011 Kim et al. OTHER PUBLICATIONS 
2012, 0043941 A1 2/2012 Lee 
2012/0270.077 A1* 10/2012 Koetting ............... HOM 10/48 International Search Report of PCT/CN2014/077103, mailed from 
2013/0022848 A1 1/2013 Schroeter et all 429/50 the State Intellectual Property Office of China on Aug. 20, 2014. 

COC a 
2013,0093383 A1 4/2013 Kim et al. English translation of International Search Report of PCT/CN2014/ 

FOREIGN PATENT DOCUMENTS 

CN 
CN 
CN 
CN 
DE 102 
JP 
JP 2 

2O25856.72 
2028.72350 
103117418 
103299476 
O10012936 A1 
11-162527 
OOO3223.59 

12/2012 
4/2013 
5, 2013 
9, 2013 
9, 2011 
6, 1999 
11 2000 

077103, mailed from the State Intellectual Property Office of China 
on Aug. 20, 2014. 
European Examination Report for Application No. 14190352.6, 
from the European Patent Office, dated Feb. 3, 2016 (6 pages). 
Notice of Allowance from Korean Intellectual Property Office for 
Application No. 10-2014-7021453, dated Sep. 1, 2016, 4 pages. 
Russian Federation Official Action for Application No. 
2015.125315, dated Jul. 27, 2016, 14 pages. 

* cited by examiner 



U.S. Patent May 23, 2017 Sheet 1 of 8 US 9,660,301 B2 

  



U.S. Patent May 23, 2017 Sheet 2 of 8 US 9,660,301 B2 

Fig. 2A 

  



U.S. Patent May 23, 2017 Sheet 3 of 8 US 9,660,301 B2 

Charging 

Fig. 2B 

  



U.S. Patent May 23, 2017 Sheet 4 of 8 US 9,660,301 B2 

3 2 

Acquire Pressure Parameter on Surface of Battery 

3 : 

Detect Magnitude Reiation Between Pressure Parameter and 
Predefcd freshid Waite 

3 6 

Generate Control instruction for Protecting Battery Based on 
Detected Resuit 

  

  

  

  



U.S. Patent May 23, 2017 Sheet S of 8 US 9,660,301 B2 

. 
Acquire Pressure 

Parancicron Surface of 
Bati cry 

4. 

Dicct, at Piedcteri d" in intervai, 
Magnitude Relations Between Pressure 
Farameter and First threshed Waite, 
Sccordirshoi Waiuc, aid hird 
Threshold Waiue Which increase 

Progressively 

43 

{ienerate Rennide Generate Silee instriction 
information Displaying if etected Resuit is that 
instruction if Daiected Piressure a rainer is 
Resuit is that Press: Above Seccid risioid 
Parameter is Above: First Waite and Below ird 

Threshii Waite and Below Threshold Wai, 
Second reshold Waite 

Generate Permalicit 
Failure instructio; if 
)etected Resuit is 
That Pressure 

arameter is Above 
Third resid Wai 

406 

Detect Whittier Pressare 
aian eter Recovers is 3e 
Bckw Sccord Tiarcsi, Ed 
value After Battery Enters 

into Sicer State 

:) 
(enerate Seep Recover 
instruction f Detected 
Risit is a Prissie 

Parameter is Beow Seccid 
Threshold Wale 

Fig. 4 

    

    

  

  

  



U.S. Patent May 23, 2017 Sheet 6 of 8 US 9,660,301 B2 

5 : 

  



U.S. Patent May 23, 2017 Sheet 7 of 8 US 9,660,301 B2 

5. 

Pressure Acquirig 
Mode 

Pressure Ditectici) 
y due 

-4 Steen Geileration 
Aert {ei}eration Jiii. n 

Pressic hetectii); 
Usit 

Recovery Generation institucio 1 Generation 
Mode 533 

  

  



U.S. Patent May 23, 2017 Sheet 8 of 8 US 9,660,301 B2 

k 

": ) N. Citigatio1 Jail -8 

76 

72) N rocessor 762 
w 
w 

Mikicity 

input init 

Display Unit - 4: 

isilay Pane 

  

  

    



US 9,660,301 B2 
1. 

METHODS AND DEVICES FOR BATTERY 
PROTECTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of International Appli 
cation No. PCT/CN2014/077103, filed May 9, 2014, which 
is based upon and claims priority to Chinese Patent Appli 
cation No. 2013 10520503.7, filed Oct. 29, 2013, the entire 
contents of all of which are incorporated herein by reference. 

TECHNICAL FIELD 

The present disclosure relates to the field of electronic 
apparatus and, more particularly, to methods and devices for 
battery protection in an electronic apparatus. 

BACKGROUND 

With rapid development of mobile terminals, such as 
mobile phones and tablet computers, the safety issues of 
these electronic apparatuses have gradually been put on the 
agenda. For example, the battery protection issues have 
become more and more important. 

Conventionally, the battery protection is mainly per 
formed by: detecting whether the input or output current of 
the battery exceeds a certain limit via a detection circuit 
provided inside the battery, and triggering a protection 
circuit inside the battery if the input or output current of the 
battery exceeds the certain limit. The protection circuit is 
used for cutting off the charging circuit or electricity Sup 
plying circuit inside the battery, so as to realize the protec 
tion of the battery. In addition, the battery protection can also 
be achieved by detecting the input or output voltage of the 
battery. 

However, even if there is no current input or output, or no 
voltage input or output in the battery, the battery may still 
need to be protected. For example, in the case that an 
external force is applied to the battery, or the interior of the 
battery expands due to a lot of heat produced by the 
chemical reaction inside the battery, the battery may easily 
be damaged, resulting in harms such as explosion of the 
battery. 

SUMMARY 

According to a first aspect of the present disclosure, there 
is provided an electronic apparatus, comprising: a battery; at 
least one pressure sensor provided on a Surface of the 
battery; and a controller electrically connected with the at 
least one pressure sensor. The at least one pressure sensor 
samples a pressure parameter on the Surface of the battery. 
The controller acquires the pressure parameter, detects a 
magnitude relation between the pressure parameter and a 
predefined threshold value, and generates a control instruc 
tion for protecting the battery based on the detected mag 
nitude relation. 

According to a second aspect of the present disclosure, 
there is provided a battery protection method, comprising: 
acquiring a pressure parameter on a Surface of a battery; 
detecting a magnitude relation between the pressure param 
eter and a predefined threshold value; and generating a 
control instruction for protecting the battery based on the 
detected magnitude relation. 

According to a third aspect of the present disclosure, there 
is provided an electronic device, comprising: a processor; 
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2 
and a memory for storing instructions executable by the 
processor. The processor is configured to: acquire a pressure 
parameter on a Surface of a battery; detect a magnitude 
relation between the pressure parameter and a predefined 
threshold value; and generate a control instruction for pro 
tecting the battery based on the detected result. 

According to a fourth aspect of the present disclosure, 
there is provided a non-transitory computer-readable storage 
medium having Stored therein instructions that, when 
executed by one or more processors of an electronic device, 
cause the electronic device to perform operations including: 
acquiring a pressure parameter on a Surface of a battery; 
detecting a magnitude relation between the pressure param 
eter and a predefined threshold value; and generating a 
control instruction for protecting the battery based on the 
detected magnitude relation. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory only and are not restrictive of the 
invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate embodi 
ments consistent with the invention and, together with the 
description, serve to explain the principles of the invention. 

FIG. 1 is an exemplary diagram of an electronic appara 
tus, according to an exemplary embodiment. 

FIG. 2A is another exemplary diagram of an electronic 
apparatus, according to an exemplary embodiment. 

FIG. 2B is an exemplary diagram of a reminder alert, 
according to an exemplary embodiment. 

FIG. 3 is a flowchart of a battery protection method, 
according to an exemplary embodiment. 

FIG. 4 is a flowchart of another battery protection method, 
according to an exemplary embodiment. 

FIG. 5 is an exemplary block diagram of a battery 
protection device, according to an exemplary embodiment. 

FIG. 6 is another exemplary block diagram of a battery 
protection device, according to an exemplary embodiment. 

FIG. 7 is an exemplary block diagram of an electronic 
apparatus, according to an exemplary embodiment. 

DETAILED DESCRIPTION 

Reference will now be made in detail to exemplary 
embodiments, examples of which are illustrated in the 
accompanying drawings. The following description refers to 
the accompanying drawings in which the same numbers in 
different drawings represent the same or similar elements 
unless otherwise represented. It is apparent that the 
described embodiments are only a part of embodiments of 
the present disclosure, but not all the embodiments. 

FIG. 1 illustrates an exemplary diagram of an electronic 
apparatus 100 provided by one embodiment of the present 
disclosure. The electronic apparatus 100 may include: a 
battery 110, at least one pressure sensor 120 provided on a 
surface of the battery 110, and a controller 130 electrically 
connected with the pressure sensor 120. 
The pressure sensor 120 samples a pressure parameter on 

the surface of the battery 110. 
The controller 130 acquires the pressure parameter on the 

surface of the battery 110, detects a magnitude relation 
between the pressure parameter and a predefined threshold 
value, and generates a control instruction for protecting the 
battery 110 based on the detected result. In doing so, the 
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safety hazard existing when the battery is impacted or is 
extruded may be eliminated, and the battery and/or the 
electronic apparatus may be protected. 

FIG. 2A illustrates an exemplary diagram of an electronic 
apparatus 200a provided by another embodiment of the 
present disclosure. The electronic apparatus 200a may 
include: a battery 110, a plurality of pressure sensors 120 
provided on a surface of the battery 110, and a controller 130 
electrically connected with the pressure sensor 120. In the 
present embodiment, the electronic apparatus 200a includes 
three pressure sensors 120 as an example. It should be 
understood that the electronic apparatus 220a may include 
any number of pressure sensors without departing from the 
Scope of the present disclosure. 
The three pressure sensors 120 may be provided uni 

formly at different positions on the surface of the battery 
110, and the predefined threshold values to which the 
pressure sensors 120 at different positions respectively cor 
respond may be the same or different. 

Each of the pressure sensors 120 may be provided at an 
outer surface of the battery 110 adjacent to a side of a 
housing of the electronic apparatus 220a, or may be pro 
vided at an inner surface of the battery 110 adjacent to a side 
of a battery cell inside the battery 110. As shown in FIG. 2A, 
in the present embodiment, three pressure sensors 120 
provided uniformly at the outer surface of the battery 110 
adjacent to the side of the housing of the electronic apparatus 
220a are described as an example. In actual applications, the 
number and positions of the pressure sensors 120 may be 
determined according to actual requirements, and there is no 
specific limitation thereto. 

In addition, the predefined threshold values to which the 
pressure sensors 120 at different positions respectively cor 
respond may be the same or different. The predefined 
threshold value, to which a first one of the pressure sensors 
120 corresponds, indicates a pressure value to be compared 
with the pressure parameter on the surface of the battery 110 
sampled by the first one of the pressure sensors 120. In the 
present embodiment, the three pressure sensors 120 at 
different positions respectively corresponding to different 
predefined threshold values are described as an example, 
i.e., the three pressure sensors 120 respectively correspond 
to a first threshold value, a second threshold value, and a 
third threshold value which increase progressively. 

Each of the pressure sensors 120 samples a pressure 
parameter on the surface of the battery 110. 
The pressure sensors 120 record the pressure parameters 

on the surface of the battery 110 in real time. The pressure 
sensors 120 may record an external pressure force exerted 
on the battery 110 and a pressure action produced by an 
expansion of the battery due to an interior chemical reaction 
inside the battery 110. 
The controller 130 acquires the pressure parameters on 

the surface of the battery 110. 
The controller 130 may be electrically connected with 

each pressure sensor 120 to acquire the pressure parameters 
on the surface of the battery sampled by the pressure sensors 
120. 
The controller 130 may further detect magnitude relations 

between the pressure parameters and the predefined thresh 
old values. 

In the present embodiment, three predefined threshold 
values are preset, which are respectively the first threshold 
value, the second threshold value, and the third threshold 
value which increase progressively. The controller 130 may 
detect, at a predetermined time interval, magnitude relations 
between the pressure parameters and the first threshold 
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4 
value, the second threshold value, and the third threshold 
value which increase progressively. 

For example, in the present embodiment, the predefined 
threshold values to which the three pressure sensors 120 
located at different positions respectively correspond are 
different, and are respectively the first threshold value, the 
second threshold value, and the third threshold value which 
increase progressively. Thus, the controller 130 detects the 
magnitude relation between the pressure parameter sampled 
by the first pressure sensor 120 and the first threshold value 
at the predetermined time interval, detects the magnitude 
relation between the pressure parameter sampled by the 
second pressure sensor 120 and the second threshold value 
at the predetermined time interval, and detects the magni 
tude relation between the pressure parameter sampled by the 
third pressure sensor 120 and the third threshold value at the 
predetermined time interval. In this example, the first thresh 
old value is set as 20 Newton (N), the second threshold value 
is set as 50 N., and the third threshold value is set as 100 N. 
The controller 130 further generates a control instruction 

for protecting the battery 110 based on the detected result. 
According to Some embodiments of the present disclo 

sure, if the detected result is that the pressure parameter is 
above the first threshold value and below the second thresh 
old value, the controller 130 generates a reminder informa 
tion displaying instruction. 
The reminder information displaying instruction is used to 

trigger the electronic apparatus 220a to issue a reminder 
alert via a display Screen, a speaker and/or a signal lamp. For 
example, when the battery 110 is being charged by the user, 
if the pressure parameter sampled by the first pressure sensor 
120, which is detected by the controller 130, is above the 
first threshold value 20 N and below the second threshold 
value 50 N due to the expansion inside the battery, the 
reminder information displaying instruction is generated. 
For instance, the reminder alert may be directly issued by the 
speaker, or may be issued by displaying information on the 
display screen, or the like. 

FIG. 2B illustrates an exemplary diagram of a reminder 
alert 200b, according to an exemplary embodiment. As 
shown in FIG. 2B, in the illustrated embodiment, nine 
pressure sensors 120 are uniformly provided on the surface 
of the battery 110. When the battery 110 is being charged, 
nine blocks on the display Screen of the electronic apparatus 
respectively indicate the pressure parameters sampled by 
respective pressure sensors 120. In a normal state, for 
example, when the pressure parameter sampled by a first one 
of the pressure sensors 120 at a middle position is below 20 
N, the corresponding block is displayed in green (not shown 
in the drawing). If the pressure parameter sampled by the 
first one of the pressure sensors 120 in the middle position 
at a certain time point exceeds the first threshold value 20N 
and is below the second threshold value 50 N, the corre 
sponding block in the middle position of the display Screen 
changes from green to red (which is indicated by the oblique 
lines in FIG. 2B). Thereby, the reminder alert is issued to the 
USC. 

According to Some embodiments of the present disclo 
sure, if the detected result is that the pressure parameter is 
above the second threshold value and below the third 
threshold value, a sleep instruction may be generated. 
The sleep instruction is used to trigger the battery 110 to 

enter into a sleep state. The battery 110 entering into the 
sleep state may be controlled by controlling a battery chip 
inside the battery to stop working. When the pressure 
parameter on the Surface of the battery increases continually, 
for example, if the pressure parameter sampled by a second 
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one of the pressure sensors 120, which is detected by the 
controller 130, is above the second threshold value 50 N and 
below the third threshold value 100 N, the sleep instruction 
is generated to trigger the battery 110 to enter into the sleep 
State. 

According to Some embodiments of the present disclo 
sure, if the detected result is that the pressure parameter is 
above the third threshold value, a permanent failure instruc 
tion may be generated. 

The permanent failure instruction is used to trigger the 
battery 110 to enter into a permanent failure state. When the 
pressure parameter on the Surface of the battery increases 
continually, for example, if the pressure parameter sampled 
by a third one of the pressure sensors 120, which is detected 
by the controller 130, is above the third threshold value 100 
N, the permanent failure instruction may be generated to 
trigger the battery 110 to enter into the permanent failure 
State. 

In addition, after the battery 110 enters into the sleep state, 
the controller 130 further detects whether the pressure 
parameter recovers to be below the second threshold value: 
and if the detected result is that the pressure parameter is 
below the second threshold value, a sleep recover instruc 
tion, which is used to trigger the battery 110 to recover from 
the sleep state to the normal operating state, may be gener 
ated. For example, if the pressure parameter on the Surface 
of the battery does not increase continually, but reduces to 
be below the second threshold value 50 N after the battery 
110 enters into the sleep state, the sleep recover instruction 
may be generated. For instance, an excitation Voltage or an 
excitation current may be applied to the battery 110, so as to 
trigger the battery 110 to recover from the sleep state to the 
normal operating state. 

In the above discussed implementation manners, the 
safety levels for protecting the battery 110 increase progres 
sively. For the battery 110, one of the first threshold value, 
the second threshold value and the third threshold value may 
be set, or two or all three of the first threshold value, the 
second threshold value and the third threshold value may be 
set. The present disclosure is not limited thereto. By detect 
ing the magnitude relations between the pressure parameters 
and different predefined threshold values to generate differ 
ent control instructions by the controller, the battery and/or 
the electronic apparatus are provided with a protection 
having different safety levels. 

FIG. 3 illustrates a flowchart of an exemplary battery 
protection method 300 provided by one embodiment of the 
present disclosure. The battery protection method 300 may 
be implemented by the controller 130 shown in FIG. 1 or 
FIG. 2A. The battery protection method 300 may include the 
following steps. 

In step 302, a pressure parameter on a surface of a battery 
is acquired. 

In step 304, a magnitude relation between the pressure 
parameter and a predefined threshold value is detected. 

In step 306, a control instruction for protecting the battery 
is generated based on the detected result. 

FIG. 4 illustrates a flowchart of a battery protection 
method 400 provided by another embodiment of the present 
disclosure. The battery protection method 400 may be 
implemented by the controller 130 shown in FIG. 1 or FIG. 
2A. The battery protection method 400 may include the 
following steps. 

In step 401, a pressure parameter on a Surface of a battery 
is acquired. 
The pressure parameter on the surface of the battery is 

sampled by installing at least one pressure sensor on the 
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6 
surface of the battery, and the controller is electrically 
connected with the at least one pressure sensor so as to 
acquire the pressure parameter on the Surface of the battery 
sampled by the pressure sensor. 

In step 402, magnitude relations between the pressure 
parameter and a first threshold value, a second threshold 
value, and a third threshold value respectively may be 
detected at a predetermined time interval. The first, second, 
and third threshold value may be set to increase progres 
sively. 
The three predefined threshold values may be set in 

advance, and are respectively the first threshold value, the 
second threshold value, and the third threshold value which 
increase progressively. The controller may detect, at the 
predetermined time interval, the magnitude relations 
between the pressure parameter and the first threshold value, 
the second threshold value, and the third threshold value 
which increase progressively. In the present exemplary 
embodiment, the first threshold value is set to be 20 N, the 
second threshold value is set to be 50 N., and the third 
threshold value is set to be 100 N. It should be understood 
that the first, second, and third threshold values may be set 
to be different values without departing from the scope of the 
present disclosure. 

In step 403, if the detected result is that the pressure 
parameter is above the first threshold value and below the 
second threshold value, a reminder information displaying 
instruction is generated. 
The reminder information displaying instruction is used to 

trigger the electronic apparatus to issue a reminder alert via 
a display screen, a speaker and/or a signal lamp. For 
example, when the battery is being charged by the user, if the 
pressure parameter detected by the controller is above the 
first threshold value 20 N and below the second threshold 
value 50 N due to an expansion inside the battery, the 
reminder information displaying instruction may be gener 
ated. For instance, the reminder alert may be directly issued 
by the speaker, or may be issued by displaying information 
on the display Screen, or the like. 

In step 404, if the detected result is that the pressure 
parameter is above the second threshold value and below the 
third threshold value, a sleep instruction is generated. 
The sleep instruction is used to trigger the battery to enter 

into a sleep state. The battery entering into the sleep state 
may be controlled by controlling a battery chip inside the 
battery to stop working. When the pressure parameter on the 
surface of the battery increases continually, if the pressure 
parameter detected by the controller is above the second 
threshold value 50 N and below the third threshold value 100 
N, the sleep instruction may be generated to trigger the 
battery to enter into the sleep state. 

In step 405, if the detected result is that the pressure 
parameter is above the third threshold value, a permanent 
failure instruction is generated. 
The permanent failure instruction is used to trigger the 

battery to enter into a permanent failure state. When the 
pressure parameter on the Surface of the battery increases 
continually, if the pressure parameter detected by the con 
troller is above the third threshold value 100 N, the perma 
nent failure instruction may be generated to trigger the 
battery to enter into the permanent failure state. 

In addition, after the above step 404, the method 400 may 
further include the following steps. 

In step 406, after the battery enters into the sleep state, 
whether the pressure parameter recovers to be below the 
second threshold value is detected. 
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After the battery enters into the sleep state, the controller 
detects whether the pressure parameter recovers to be below 
the second threshold value. 

In step 407, if the detected result is that the pressure 
parameter is below the second threshold value, a sleep 
recover instruction is generated. 
The sleep recover instruction is used to trigger the battery 

to recover from the sleep state to the normal operating state. 
If the pressure parameter on the surface of the battery does 
not increase continually, but reduces to be below 50 N after 
the battery enters into the sleep state, the sleep recover 
instruction is generated. For instance, an excitation voltage 
or an excitation current may be applied to the battery, so as 
to trigger the battery to recover from the sleep state to the 
normal operating state. 

It should be explained that in Some applications, one of 
the first threshold value, the second threshold value and the 
third threshold value may be set, or two or all three of the 
first threshold value, the second threshold value and the third 
threshold value may be set. The present disclosure is not 
limited thereto. 
The battery protection method provided by the present 

embodiment acquires the pressure parameter on the Surface 
of the battery, detects the magnitude relation between the 
pressure parameter and the predefined threshold value, and 
generates the control instruction for protecting the battery 
based on the detected result, thereby solving the safety 
hazard existing when the battery is impacted or is extruded 
achieving the effect of eliminating the safety hazard existing 
when the battery is impacted or is extruded, and protecting 
the battery and/or the electronic apparatus. 

The battery protection method provided by the present 
embodiment further generates different control instructions 
by detecting the magnitude relations between the pressure 
parameter and different predefined threshold values, thereby 
providing the battery and/or the electronic apparatus with a 
protection having different safety levels. 

FIG. 5 illustrates an exemplary block diagram of a battery 
protection device 500 provided by one embodiment of the 
disclosure. The battery protection device 500 may constitute 
all or a part of the controller 130 of the battery (FIGS. 1 and 
2A), and may be implemented by Software, hardware or a 
combination thereof. The battery protection device 500 may 
include a pressure acquiring module 510, a pressure detec 
tion module 520, and an instruction generation module 530. 

The pressure acquiring module 510 is configured to 
acquire a pressure parameter on a Surface of the battery. 
The pressure detection module 520 is configured to detect 

a magnitude relation between the pressure parameter and a 
predefined threshold value. 
The instruction generation module 530 is configured to 

generate a control instruction for protecting the battery 
based on the detected result. 

The battery protection device 500 may reduce the safety 
hazard existing when the battery is impacted or is extruded 
and, thus, protect the battery and/or the electronic apparatus. 

FIG. 6 illustrates an exemplary block diagram of a battery 
protection device 501 provided by another embodiment of 
the disclosure. Referring to FIG. 6, the battery protection 
device 501 may constitute all or a part of the controller 130 
of the battery (FIGS. 1 and 2A) by software, hardware or a 
combination thereof. The battery protection device 501 may 
include the pressure acquiring module 510, the pressure 
detection module 520, and the instruction generation module 
S30. 
The pressure acquiring module 510 is configured to 

acquire a pressure parameter on a Surface of the battery. 
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8 
The pressure detection module 520 is configured to detect 

a magnitude relation between the pressure parameter and a 
predefined threshold value. 
The pressure detection module 520 is further configured 

to detect, at a predetermined time interval, magnitude rela 
tions between the pressure parameter and a first threshold 
value, a second threshold value, and a third threshold value, 
which increase progressively in the illustrated embodiment. 
The instruction generation module 530 is configured to 

generate a control instruction for protecting the battery 
based on the detected result. 

For example, the instruction generation module 530 
includes an alert generation unit 530a, a sleep generation 
unit 530b, and a failure generation unit 530c. 
The alert generation unit 530a is configured to generate a 

reminder information displaying instruction if the detected 
result is that the pressure parameter is above the first 
threshold value and below the second threshold value. The 
reminder information displaying instruction is used to trig 
ger the electronic apparatus to issue a reminder alert via a 
display screen, a speaker and/or a signal lamp. 
The sleep generation unit 530b is configured to generate 

a sleep instruction if the detected result is that the pressure 
parameter is above the second threshold value and below the 
third threshold value. The sleep instruction is used to trigger 
the battery to enter into a sleep state. 
The failure generation unit 530c is configured to generate 

a permanent failure instruction if the detected result is that 
the pressure parameter is above the third threshold value. 
The permanent failure instruction is used to trigger the 
battery to enter into a permanent failure state. 
The instruction generation module 530 further includes a 

pressure detection unit 530d and a recovery generation unit 
S3Oe. 
The pressure detection unit 530d is configured to detect 

whether the pressure parameter recovers to be below the 
second threshold value after the battery enters into the sleep 
State. 
The recovery generation unit 530e is configured to gen 

erate a sleep recover instruction if the detected result is that 
the pressure parameter is below the second threshold value. 
The sleep recover instruction is used to trigger the battery to 
recover from the sleep state to the normal operating state. 
The battery protection device 501 may reduce the safety 

hazard existing when the battery is impacted or is extruded 
and, thus, protect the battery and/or the electronic apparatus. 
The battery protection device provided by the present 

embodiment further generates three different control instruc 
tions by detecting the magnitude relations between the 
pressure parameter and different predefined threshold val 
ues, thereby providing the battery and/or the electronic 
apparatus with a protection having different safety levels. 

It should be explained that the battery protection devices 
provided by the above embodiments are exemplified as the 
above respective functional modules when protecting the 
battery. In some applications, the above functions may be 
distributed to be achieved by different functional modules 
according to requirements. For example, the interior struc 
ture of the devices may be divided into different functional 
modules for achieving all or a part of the above described 
functions. In addition, the battery protection devices pro 
vided by the above embodiments may be implemented to 
perform the method embodiments provided in the present 
disclosure. 

Another embodiment of the present disclosure provides 
an electronic device which may include: one or more 
processors; a memory; and one or more modules stored in 
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the memory and being configured to be executed by the one 
or more processors, the one or more modules having the 
following functions: acquiring a pressure parameter on a 
Surface of a battery; detecting a magnitude relation between 
the pressure parameter and a predefined threshold value; and 
generating a control instruction for protecting the battery 
based on the detected result. 

FIG. 7 illustrates an exemplary block diagram of a elec 
tronic device 700, according to an exemplary embodiment. 
The electronic device 700 is configured to perform any of 
the above-described battery protection methods. 

Referring to FIG. 7, the electronic device 700 may include 
a communication unit 710, a memory 720 including one or 
more computer-readable storage mediums, an input unit 
730, a display 740, a sensor 750, an audio circuit 760, a 
wireless communication unit 770, a processor 780 including 
one or more processing cores, and a power supply 790. The 
person skilled in the art could appreciate that the structure of 
the electronic device shown in FIG. 7 does not constitute the 
limitation to the electronic device 700. The electronic device 
700 may include more or less components than those shown 
in the drawing, or may combine some of the components, or 
may have different arrangement of the components. 
The communication unit 710 is configured to receive and 

transmit signals during information receipt and transmission 
or during a call. The communication unit 710 may be a RF 
(radio frequency) circuit, a router, a modem, or other net 
work communication device. Specifically, in the case that 
the communication unit 710 is the RF circuit, after receiving 
the downlink information from the base station, the proces 
sor 780 processes the downlink information; additionally, 
the uplink data is transmitted to the base station. Generally, 
the RF circuit serving as the communication unit 710 
includes, but is not limited to an antenna, at least one 
amplifier, a tuner, one or more oscillators, a Subscriber 
identity module (SIM) card, a transceiver, a coupler, a LNA 
(Low Noise Amplifier), a duplexer, etc. Additionally, the 
communication unit 710 may also communicate with net 
work and other devices via wireless communication. The 
wireless communication may adopt any communication 
standards or protocols, including but not limited to GSM 
(Global System of Mobile communication), GPRS (General 
Packet Radio Service), CDMA (Code Division Multiple 
Access), WCDMA (Wideband Code Division Multiple 
Access), LTE (Long Term Evolution), E-mail, SMS (Short 
Messaging Service), etc. 
The memory 720 is configured to store software programs 

and modules, and the processor 780 performs various func 
tional applications and data processing by executing the 
software programs and modules stored in the memory 720. 
The memory 720 may mainly include a program Storage 
region and a data storage region, wherein the program 
storage region may store an operation system, an application 
program required by at least one function (Such as an audio 
playing function, an image playback function) and the like; 
and the data storage region may store the data created 
according to the usage of the electronic device 700 (such as 
audio data, a phone book) and the like. In addition, the 
memory 720 may include a high-speed random access 
memory, and may also include a non-transitory memory, 
Such as at least one disc storage device, flash device or other 
transitory solid-state storage device. Accordingly, the 
memory 720 may also include a memory controller for 
providing the processor 780 and the input unit 730 with an 
access to the memory 720. 
The input unit 730 may be configured to receive the input 

digits or character information, and generate signal inputs of 
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10 
a keyboard, a mouse, a joystick or a trackball related to the 
user settings and function control. For example, the input 
unit 730 may include a touch sensitive surface 731 and one 
or more other input devices 732. The touch sensitive surface 
731, which is also referred to as a touch screen or a touch 
pad, can collect the users touch operation thereon or there 
about (for example, the user performs operations on the 
touch sensitive surface 731 or near the touch sensitive 
Surface 731 by using fingers, a stylus, or any suitable object 
or accessory), and drive the corresponding connected device 
according to the preset program. Optionally, the touch 
sensitive Surface 731 may include first and second parts, i.e., 
a touch detection device and a touch controller. The touch 
detection device detects a touch orientation of the user and 
signals caused by the touch operation, and transmits the 
signals to the touch controller. The touch controller receives 
the touch information from the touch detection device, 
converts the touch information into a contact coordinate and 
transmits it to the processor 780, and the touch controller can 
also receive the instruction from the processor 780 and 
execute the instruction. Additionally, the touch sensitive 
surface 731 may be achieved by adopting various types, 
Such as a resistive type, a capacitive type, an infrared ray 
type, and a surface acoustic wave type. Besides the touch 
sensitive surface 731, the input unit 730 may also include 
one or more other input devices 732. For example, the other 
input devices 732 may include but are not limited to one or 
more of a physical keyboard, a function key (Such as a 
Volume control key, a Switch key), a trackball, a mouse and 
a joystick. 
The display 740 is configured to display information input 

by the user or information provided to the user and various 
kinds of graphical user interfaces of the electronic device 
700, and the graphical user interfaces may be constituted by 
a graphic, a text, an icon, a video and any combination 
thereof. The display unit 740 may include a display panel 
741. Optionally, the display panel 741 may be configured in 
the form of a LCD (Liquid Crystal Display), an OLED 
(Organic Light-Emitting Diode) and the like. Further, the 
touch sensitive surface 731 may cover the display panel 741. 
When the touch operation on or near the touch sensitive 
surface 731 is detected, the touch sensitive surface 731 
transmits the touch operation to the processor 780 to deter 
mine the type of the touch event, and then the processor 780 
provides a corresponding visual output on the display panel 
741 according to the type of the touch event. Although in 
FIG. 7 the touch sensitive surface 731 and the display panel 
741 act as two independent components to achieve input and 
output functions, in some embodiments, the touch sensitive 
surface 731 and the display panel 741 may be integrated to 
achieve the input and output functions. 
The electronic device 700 may further include at least one 

sensor 750 which is a pressure sensor for sampling the 
pressure parameter on the Surface of the battery. In addition, 
the at least one sensor 750 may include a light sensor, a 
motion sensor, and other sensors. The light sensor may 
include an ambient light sensor and a proximity sensor, 
wherein the ambient light sensor may adjust the brightness 
of the display panel 741 according to the light and shade of 
the ambient light, and the proximity sensor may turn off the 
display panel 741 and/or the backlight when the electronic 
device 700 is moved to the ear. As one type of the motion 
sensors, the gravity acceleration sensor may detect the 
magnitude of the acceleration along respective directions 
(such as along three axes), may detect the magnitude and 
direction of the gravity when being stationary, and may 
identify the applications of the attitudes of the mobile phone 
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(such as a horizontal and vertical screen Switching, a rel 
evant game, a magnetometer attitude calibration) and func 
tions relevant to vibration identification (such as a pedom 
eter, a percussion) and the like. The electronic device 700 
may also be configured with a gyroscope, a barometer, a 
hygrometer, a thermometer, an infrared sensor and other 
sensors, which are not repeated herein. 
The audio circuit 760 is coupled to a speaker 761 and a 

microphone 762, and may provide the audio interfaces 
between the user and the electronic device 700. The audio 
circuit 760 may transmit an electrical signal converted from 
the received audio data to the speaker 761, and the speaker 
761 converts the electrical signal into an acoustical signal 
and outputs it. On the other hand, the microphone 762 
converts the collected acoustical signal into an electrical 
signal, the audio circuit 760 receives the electrical signal, 
converts it into audio data, and outputs the audio data to the 
processor 780 for processing, then the processed audio data 
is for example transmitted to another electronic device via 
the RF circuit 710, or the audio data is output to the memory 
720 for further processing. The audio circuit 760 may also 
include a receiver jack for providing the communication 
between the peripheral headphone and the electronic device 
700. 
The wireless communication unit 770 may be a WiFi 

module, which provides the user with a wireless broadband 
Internet access. The electronic device 700 may assist the 
user to send and receive E-mails, browse the web, access the 
streaming media and the like via the wireless communica 
tion unit 770. Although the wireless communication unit 770 
is shown in FIG. 7, it is appreciated that the wireless 
communication unit 770 is not a necessary constitution of 
the electronic device 700, and can be omitted according to 
requirements. 
The processor 780 is a control center of the electronic 

device 700. The processor 780 connects respective parts of 
the electronic device 700 via various interfaces and wirings, 
and performs various functions of the electronic device 700 
and processes data, by running or executing the software 
programs and/or modules within the memory 720 and call 
ing the data stored in the memory 720. The processor 780 
may include one or more processing cores. For example, the 
processor 780 may integrate with an application processor 
and a modem processor, wherein the application processor 
mainly processes the operation system, user interfaces, 
application programs, etc., and the modem processor mainly 
processes the wireless communication. In some embodi 
ments, the modem processor may not be integrated into the 
processor 780. 

The power supply 790 is configured to supply power to 
components of the electronic device 700. For example, the 
power supply 790 may be connected to the processor 780 
logically via a power management system, so as to achieve 
the functions of a charge management, a discharge manage 
ment and a power consumption management by the power 
management system. The power supply 790 may also 
include any components, such as one or more direct current 
or alternative current power Supplies, recharging systems, 
power failure detection circuits, power converters or invert 
ers, and power status indicators. 

Although not shown in FIG. 7, the electronic device 700 
may also include a camera, a Bluetooth module, and the like. 

In exemplary embodiments, there is also provided a 
non-transitory computer-readable storage medium including 
instructions, such as included in the memory 720, executable 
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12 
by the processor 780 in the electronic device 700, for 
performing any of the above-described battery protection 
methods. 

In exemplary embodiments, the electronic device 700 
may be various handheld terminals, such as a mobile phone, 
a personal digital assistant (PDA), etc. 

In exemplary embodiments, the non-transitory computer 
readable storage medium may be a read-only memory 
(ROM), a programmable ROM (PROM), an electrically 
programmable ROM (EPROM), an electrically erasable 
programmable ROM (EEPROM), a flash memory, a random 
access memory (RAM) which can act as an external cache 
memory. As an example and not restrictive, RAM may be 
obtained in various forms, such as a synchronous RAM 
(DRAM), a dynamic RAM (DRAM), a synchronous DRAM 
(SDRAM), a double data rate SDRAM (DDR SDRAM), an 
enhanced SDRAM (ESDRAM), a synchronization link 
DRAM (SLDRAM), and a direct RambusRAM (DRRAM). 
The computer-readable storage medium in the present dis 
closure are intended to include, but not limited to, these and 
any other suitable types of memory. The computer-readable 
storage medium may also be a compression disk (CD), a 
laser disc, an optical disk, a digital versatile disc (DVD), a 
floppy disks, a blue-ray disk, etc. 
The various illustrative logical blocks, modules and cir 

cuits described in combination with the contents disclosed 
herein may be realized or executed by the following com 
ponents which are designed for performing the above meth 
ods: a general purpose processor, a digital signal processor 
(DSP), an application specific integrated circuit (ASIC), a 
field programmable gate array (FPGA), or other program 
mable logic devices, a discrete gate, or a transistor logic, a 
discrete hardware element or any combination thereof. The 
general purpose processor may be a microprocessor. Alter 
natively, the processor may be any conventional processor, 
controller, microcontroller or state machine. The processor 
may also be implemented as a combination of the computing 
devices, such as a combination of a DSP and a micropro 
cessor, a plurality of microprocessors, one or more micro 
processor combined with a DSP core, or any other such 
configurations. 
One of ordinary skill in the art will understand that the 

above described modules can each be implemented by 
hardware, or software, a combination of hardware and 
software. One of ordinary skill in the art will also understand 
that multiple ones of the above described modules may be 
combined as one module, and each of the above described 
modules may be further divided into a plurality of sub 
modules. 

Other embodiments of the invention will be apparent to 
those skilled in the art from consideration of the specifica 
tion and practice of the invention disclosed here. This 
application is intended to cover any variations, uses, or 
adaptations of the invention following the general principles 
thereof and including Such departures from the present 
disclosure as come within known or customary practice in 
the art. It is intended that the specification and examples be 
considered as exemplary only, with a true scope and spirit of 
the invention being indicated by the following claims. 

It will be appreciated that the present invention is not 
limited to the exact construction that has been described 
above and illustrated in the accompanying drawings, and 
that various modifications and changes can be made without 
departing from the scope thereof. It is intended that the 
scope of the invention only be limited by the appended 
claims. 
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What is claimed is: 
1. An electronic apparatus, comprising: 
a housing: 
a battery; 
at least one pressure sensor provided on an outer surface 

of the battery and adjacent to a side of the housing; and 
a controller electrically connected with the at least one 

pressure sensor, wherein 
the at least one pressure sensor samples a pressure param 

eter on the outer surface of the battery; and 
the controller is programmed to: 
acquire the pressure parameter, detect a magnitude rela 

tion between the pressure parameter and a predefined 
threshold value, and generate a control instruction for 
protecting the battery based on the detected magnitude 
relation; 

wherein the controller is further programmed to: 
detect, at a predetermined time interval, magnitude rela 

tions between the pressure parameter and a first thresh 
old value, a second threshold value, and a third thresh 
old value, the first threshold value being lower than the 
second threshold value, and the second threshold value 
being lower than the third threshold value; and 

generate a reminder information displaying instruction for 
triggering the electronic apparatus to issue a reminder 
alert, if the controller detects that the pressure param 
eter is above the first threshold value and below the 
second threshold value. 
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2. The electronic apparatus according to claim 1, wherein 

the controller is further programmed to generate a sleep 
instruction for triggering the battery to enter into a sleep 
state, if the controller detects that the pressure parameter is 
above the second threshold value and below the third 
threshold value. 

3. The electronic apparatus according to claim 2, wherein 
the controller is further programmed to: 

detect whether the pressure parameter recovers to be 
below the second threshold value after the battery 
enters into the sleep state, and 

generate a sleep recover instruction for triggering the 
battery to recover from the sleep state to a normal 
operating state if the controller detects that the recov 
ered pressure parameter is below the second threshold 
value. 

4. The electronic apparatus according to claim 1, wherein 
the controller is further programmed to generate a perma 
nent failure instruction for triggering the battery to enter into 
a permanent failure state, if the detected result is that the 
pressure parameter is above the third threshold value. 

5. The electronic apparatus according to claim 1, wherein, 
the at least one pressure sensor includes a plurality of 
pressure sensors, the plurality of pressure sensors are pro 
vided at different positions on the outer surface of the 
battery. 


